Introduc on to Produc on, Transport, and Emission of Trace Gases from the Vadose Zone to the Atmosphere
Rising concerns about global warming as a consequence of increased anthropogenic greenhouse gas emissions have markedly strengthened scientifi c, political, and even public interest in issues surrounding human-induced climate change. Th is has resulted in fundamental economic and ecologic debates focusing on greenhouse gas mitigation strategies. Besides H 2 O vapor, three major trace gases are primary contributors to the greenhouse eff ect: CO 2 , N 2 O, and CH 4 (Intergovernmental Panel on Climate Change, 2007). Such gases occur naturally in the atmosphere and are fundamental for life on Earth. With the onset of the industrial era, however, human activities, e.g., intensifi cation of and changes in land use, industrial production, and burning of fossil fuel, among others, have resulted in the current atmospheric concentration of greenhouse gases signifi cantly exceeding historical levels. In comparison to N 2 O and CH 4 , most of the CO 2 is emitted by fossil fuel burning. Nevertheless, biogenic CO 2 sources contribute about 17.3% to the total greenhouse gas emissions, whereas the overall emissions of N 2 O and CH 4 contribute 7.9 and 14.3%, respectively (Intergovernmental Panel on Climate Change, 2007). Although N 2 O and CH 4 represent a small fraction of the total mass of atmospheric greenhouse gases, they are now receiving considerable attention because of their large global warming potentials of about 300 and 25 times that of CO 2 , respectively (Intergovernmental Panel on Climate Change, 2007).
Soil organic C also plays a key role in the global C cycle. Globally, 68 to 98 Pg C yr −1 is respired in the soil and emitted to the atmosphere (Schimel et al., 1996; Raich and Potter, 1995; Raich et al., 2002; Bond-Lamberty and Th omson, 2010) , constituting the second largest C fl ux between ecosystems and the atmosphere. Th us, even small changes in C stocks or respiration processes directly aff ect the atmospheric CO 2 content. Accurate prediction of C turnover is therefore critical to address one of the key unanswered questions, namely "Is the soil C reservoir behaving globally as a sink or source of atmospheric C?" (Lal, 2004 (Lal, , 2010 .
Th e atmospheric concentration of N 2 O has increased markedly from about 270 ppb in preindustrial times to 319 ppb in 2005, which corresponds to a global total of 1510 Tg N (Intergovernmental Panel on Climate Change, 2007). Nitrous oxide is emitted to the atmosphere from both anthropogenic and natural sources, with a total average emission rate of 18 Tg N yr −1 (Intergovernmental Panel on Climate Change, 2007). Anthropogenic sources are mainly due to industrial and agricultural activities, e.g., livestock husbandry, the use of N fertilizers, fossil fuel combustion, and biomass burning. Natural sources comprise soils of temperate and tropical regions and aquatic systems and oceans (Nieder and Benbi, 2008) . On a global scale, however, natural and agricultural soils are recognized to be the main source of atmospheric N 2 O, with estimated emissions of 6 (3.3-9.7) and 3.3 (0.6-14.7) Tg N yr −1 , respectively (Intergovernmental Panel on Climate Change, 2007) . Hence, soils contribute about 60% to the global atmospheric N 2 O reservoir. In contrast, the only known sink for N 2 O in the atmosphere is chemical depletion in the stratosphere. In the last decade, however, temperate upland soils have been identifi ed as able to act, at least temporarily, as N 2 O sinks; they nevertheless remain net sources (Chapuis-Lardy et al., 2007; Lamers et al., 2007) .
After a brief introduction of trace gas emissions from the soil to the atmosphere and relevant processes involved, the seven papers dealing with novel modeling approaches, experimental data analysis tools, and improved concepts for the mathematical descrip on of key subprocesses are introduced.
